To determine whether extending the interval between chemoradiation (CRT) and surgery, and administering additional chemotherapy during the waiting period has an impact on tumor response, CRT-related toxicity and surgical complications in patients with advanced rectal cancer. Background: Locally advanced rectal cancer is usually treated with preoperative CRT followed by surgery approximately 6 weeks later. The Timing of Rectal Cancer Response to Chemoradiation Consortium designed a prospective, multicenter, Phase II clinical trial to investigate extending the interval between CRT and surgery, and administering additional chemotherapy during the waiting period. Here, we present preliminary results of this trial, reporting the tumor response, CRT-related toxicity and surgical complications. Methods: Stage II and III rectal cancer patients were treated concurrently with 5-Fluorouracil (FU) and radiation for 5 to 6 weeks. Patients in study group (SG) 1 underwent total mesorectal excision (TME) 6 weeks later. Patients in SG2 with evidence of a clinical response 4 weeks after CRT received 2 cycles of modified FOLFOX-6 (mFOLFOX-6) followed by TME 3 to 5 weeks later. Tumor response, CRT-related toxicity and surgical complications were recorded. Results: One hundred and forty-four patients were accrued. One hundred and thirty-six (66, SG1; 70, SG2) were evaluated for CRT-related toxicity. One hundred and twenty-seven (60, SG1; 67, SG2) were assessed for tumor response and surgical complications. A similar proportion of patients completed CRT per protocol in both SGs, but the cumulative dose of sensitizing 5-FU and radiation was higher in SG2. CRT-related toxicity was comparable between SGs. Average time from CRT-to-surgery was 6 (SG1) and 11 weeks
(SG2). Pathologic complete response (pCR) was 18% (SG1) and 25% (SG2). Postoperative complications were similar between SGs. Conclusions: Intense neoadjuvant therapy consisting of CRT followed by additional chemotherapy (mFOLFOX-6), and delaying surgery may result in a modest increase in pCR rate without increasing complications in patients undergoing TME for locally advanced rectal cancer.
(Ann Surg 2011;254:97-102) P reoperative neoadjuvant chemoradiation (CRT) combined with total mesorectal excision (TME) is the mainstay of treatment in patients with locally advanced rectal cancer as it results in a high rate of local disease control, sphincter-preservation and patient survival. 1 In recent years tumor response to CRT has also emerged as a potentially important predictor of local tumor control and patient survival. 2 Several studies are now investigating a change in surgical approach for patients with tumors that respond to CRT. 3 Strategies to improve pathologic complete response (pCR) may be clinically important.
Surgery in rectal cancer patients has routinely been performed approximately 6 weeks after completion of neoadjuvant therapy to allow the tumor sufficient time to respond to CRT and the patient adequate time to recover from any CRT-related toxicity. An emerging body of data suggests that the response to CRT in patients with rectal cancer is time-dependent, and complete tumor regression may take months. 4 Thus, extending the interval between CRT and surgery may increase the proportion of patients achieving a pCR. However, surgeons have been reluctant to delay surgery beyond 6 to 8 weeks due to the concern that radiation-induced pelvic fibrosis may increase the technical difficulty of the operation and increase the risk of surgical complications and loco-regional recurrence.
To investigate this, the Timing of Rectal Cancer Response to Chemoradiation Consortium designed a series of sequential Phase II trials or study groups (SGs), each with additional cycles of chemotherapy after CRT and a longer interval between CRT and surgery. Here, we present the preliminary results from SG1, patients who had TME at the standard interval after CRT and SG2, patients who had TME after a longer interval and received 2 cycles of chemotherapy (mFOLFOX-6) during the waiting period. We report the pathologic complete response (pCR) rate, CRT-and mFOLFOX-6-related adverse events (AEs) and surgical complications. Treatment schema for the trial. CRT: 5-FU was given at 225 mg/m 2 /day for 7 days/week in continuous infusion throughout radiation therapy. Radiation therapy was given once a day for 5 days at 1.8 Gy/day for a total of 45 Gy, given in 25 fractions. A minimum boost of 5.4 Gy was required. Surgery was performed following the principles of sharp-mesorectal excision. mFOLFOX-6 chemotherapy: Racemic leucovorin (LV) was given at 200 mg/m 2 or 400 mg/m 2 in a 2-hour infusion on day 1. Oxaliplatin was given at 85 mg/m 2 in a 2-hour infusion concurrent with LV on day 1, followed by bolus 5-FU 400 mg/m 2 on day 1 and a 46-hour infusion of 5-FU 2400 mg/m 2 (mFOLFOX-6) with 2 weeks between cycles. Resting period was defined as the interval between treatments.
Simon's 2-stage minimax design 5 (Fig. 1 ) in which the threshold for determining patient accrual in SG2 was dependent on the empirical pCR rate observed in SG1. We set the expected pCR rate in SG1 at 15% based on best available information. We estimated the sample size in SG2 based on a 5% increase in the pCR rate (to 20%), with a Type I Error of 5% and power of 90%. On the basis of these parameters, the original patient accrual target for SG1 and SG2 was 62 and 74 patients, respectively, including an estimated drop-out rate of 15%. A central Institutional Review Board (IRB) and the IRB at each participating institution approved the study protocol. All patients provided written informed consent before entering the trial.
Patient Eligibility
Patients with clinical stage II (T3-4, N0) or stage III (any T, N1-2) invasive adenocarcinoma of the rectum with a distal tumor border within 12 cm of the anal verge, as measured on rigid proctoscopic examination were eligible for study. Local staging was performed by either Endorectal Ultrasound (ERUS) or Phased-Array MRI. In addition, before treatment patients underwent a full colonoscopy, CT scan of the abdomen and pelvis, and chest X-ray or chest CT scan. Patients were required to have an Eastern Collaborative Oncology Group Performance Status (ECOG PS) of 0 or 1, or a comparable Karnofsky performance status. Patients with a history of pelvic radiation, polyposis syndromes, inflammatory bowel disease, locally recurrent rectal cancer, metastatic disease or other primary tumors within the previous 5 years were not eligible. Patients with significant cardiac disease, seizure disorders, neurological disease or psychiatric conditions, renal, hepatic, or bone marrow dysfunction were also ineligible.
Treatment Protocol
Patients in both SGs were treated with 5-Fluorouracil (FU); 225 mg/m 2 /day by continuous IV infusion over 24 hours, 7 days/week throughout radiation. Radiation therapy was given once a day at 1.8 Gy/day, 5 days/week (excluding weekends), for a total of 45.0 Gy, given in 25 fractions, followed by a minimum boost of 5.4 Gy. In cases where the entire small bowel could be excluded from the final cone down, a second boost of 3.6 Gy (54.0 Gy total cumulative dose) was given. A linear accelerator using a minimum 6 MV energy in 3 to 4 fields was delivered. Intensity-modulated radiation therapy (IMRT) was permitted if approved by the supervising radiation oncologist. 5-FU and radiation dose modifications were permitted for drugrelated toxicities.
Patients in SG1 had surgery within 6 to 8 weeks of finishing CRT. Patients in SG2 were evaluated for tumor response approximately 4 weeks after completing CRT. Clinical response was defined according to Response Evaluation Criteria in Solid Tumors (RE-CIST) guidelines. 6 Patients with signs of stable disease or disease progression compared with baseline staging had surgery without further delay. Patients with a clinical partial response (cPR) or clinical complete response (cCR) received 2 cycles of mFOLFOX-6 (racemic leucovorin, LV), 200 or 400 mg/m 2 (per investigator discretion) on day 1, plus oxaliplatin, 85 mg/m 2 in a 2-hour infusion on day 1, followed by bolus 5-FU 400 mg/m 2 on day 1 and a 46-hour infusion of 5-FU 2400 mg/m 2 before surgery; 2 cycles ( Fig. 1 ). Patients in SG2 had surgery within 3 to 5 weeks of the last cycle of mFOLFOX-6.
Surgery was performed according to the principles of sharp mesorectal excision. Specimens were evaluated according to the recommendations of the Association of Directors of Anatomic and Surgical Pathology. 7 Postoperative chemotherapy was not dictated by the trial and was performed at the discretion of the treating physician.
Patient Evaluation
To ensure that patients with CRT-resistant tumors were not put at risk of disease progression during the longer CRT-to-surgery interval (introduced in SG2), an interim evaluation using the same imaging tests employed for initial staging (ERUS or Phased-Array MRI) was performed 4 weeks after finishing CRT. Clinical response was initially defined according to RECIST guidelines. 6 Patients with progressive or stable disease after CRT did not receive additional preoperative chemotherapy (mFOLFOX-6) and had surgery without further delay 6 weeks after completing CRT. Seven of the first 15 patients assessed in SG2 were diagnosed with stable disease based on MRI or ERUS, and underwent surgery 6 weeks after completing CRT. However, after surgery it was revealed that all of these patients achieved at least a pathologic partial response (pPR), including 1 patient who had a pCR. Given the inaccuracy of the imaging studies to assess clinical response at 4 weeks, the protocol was amended and assessment of response was subsequently performed by proctoscopic exam (Fig. 1 ). This clinical approach proved to be more reliable for all subsequent patients in SG2, evident by the fact that none of the patients considered to have a partial response by proctoscopic exam had stable disease at the time of surgery.
Adverse events during CRT and mFOLFOX-6 treatment were measured using the Common Terminology Criteria for Adverse Events (CTCAE) Version 3.0. Information related to surgical procedures was collected prospectively. The degree of pelvic fibrosis and surgical difficulty were assessed using arbitrary scales ranging from 1 to 10, where 1 represented the lowest and 10 the highest degree of pelvic fibrosis and surgical difficulty, as judged by the surgeon. For both SGs, blood loss information was collected at all participating sites, whereas operative time was collected only at high accrual centers.
FIGURE 2. Patient attrition. Dx indicates diagnosis. CI indicates continuous infusion.
The study pathologist reviewed pathology reports and slides from the diagnostic biopsy and surgical specimens to confirm diagnosis of adenocarcinoma and pathologic staging was performed at treating institutions. Pathologic complete response and tumor regression grade (TRG) were defined according to the American Joint Committee on Cancer (AJCC) guidelines. 8 Pathologic complete response was defined as the absence of tumor cells in the surgical specimen, both at the primary tumor site and regional lymph nodes. Conflicting results were resolved by consensus. Postoperative complications were graded according to the Clavien-Dindo classification. 9
Statistical Considerations
The primary end-point of the study was to compare the rate of pCR to CRT for stage II and stage III rectal cancers at different CRT-to-surgery intervals. Given the trial design, the study was not powered to perform statistical inference between treatment groups as might be considered in a larger multiarm trial. P values are presented with the understanding that they are a secondary consideration to the statistical estimates. Unless otherwise specified, P values are based on the 2-sided Fisher's Exact test or unpooled 2-sample t-tests.
RESULTS

Patients
A total of 144 patients, 70 in SG1 and 74 in SG2, initially met eligibility criteria and were registered to the trial. Eight patients (4 in each SG) were then excluded because they either withdrew consent before CRT or received nonprotocol sensitizing chemotherapy. All remaining patients (66, SG1 and 70, SG2) were included in analysis of AEs related to neoadjuvant therapy. They represent the full analysis set (FAS). Nine additional patients were removed from study. The remaining 127 patients (60, SG1 and 67, SG2) represent the perprotocol set (PPS) and were included in the primary end-point analysis (Fig. 2) .
Patient demographics and tumor characteristics for patients in the FAS are shown in Table 1 . Patients in SG2 were younger, but had more stage III and circumferential tumors compared with SG1. Other tumor characteristics such as tumor size and distance from the anal verge were not different between SGs. Figure 2 . †Mean ± standard deviation. ‡Noncircumferential tumors. Figure 2 . †Mean ± standard deviation.
Treatment Compliance and Adverse Events
Treatment compliance for the FAS is presented in Table 2 . The proportion of patients completing sensitizing chemotherapy per protocol was similar in both SGs, but more patients in SG2 completed radiation per protocol compared with SG1. The cumulative dose of sensitizing 5-FU and radiation was also higher in SG2 compared with SG1.
Adverse event information for the FAS is presented in Table 3 . The proportion of patients who developed Grade 3+ AEs during CRT was similar between SGs; 15 of 66 (23%) patients in SG1 and 11 of 70 (16%) patients in SG2 (P = 0.6822). One patient in SG1 died 4 weeks after finishing CRT from a sudden cardiac arrest. One patient in SG2 with chronic pulmonary disease died 4 weeks after completing CRT, before starting mFOLFOX-6. The most common AE reported in both SGs was gastrointestinal complications. Note: Mean ± standard deviation shown. * Per-Protocol Set as described in Figure 2 . †Scale for pelvic fibrosis ranges from 1 (none) to 10 (maximal). ‡Scale for surgical difficulty ranges from 1 (easy) to 10 (difficult). R0 indicates curative resection.
Nine of the 67 PPS patients in SG2 did not receive mFOLFOX-6; 7 patients were diagnosed with stable disease at the interim evaluation 4 weeks after CRT completion, 1 patient was ineligible due to AEs during CRT, and 1 patient decided against further chemotherapy before surgery. These patients underwent surgery 6 weeks after completing CRT but are included in SG2 for the tumor response analysis. A total of 55 patients received 2 cycles of mFOLFOX-6; 2 patients received only 1 cycle due to toxicity and 1 patient received 3 cycles.
Five of 67 (7%) patients in SG2 had Grade 3+ AEs related to mFOLFOX-6. These were myocardial infarction after completing the first cycle of mFOLFOX-6 (n = 1), superior vena cava syndrome (n = 1), severe abdominal pain (n = 1), vomiting (n = 1), and upper extremity thrombosis related to a PICC line (n = 1).
Surgery and Pathology
Surgical results are summarized in Table 4 . The average time interval between CRT and surgery was 6 weeks for patients in SG1 and 11 weeks in SG2. The proportion of patients who had a sphinctersaving procedure, a diverting stoma, and an R0 resection, as well as the average number of lymph nodes analyzed in surgical specimens, were similar in both SGs. The average pelvic fibrosis score was higher in SG2 compared with SG1, but surgical difficulty was similar in both groups. For the patients in SG2 that received 2 cycles of mFOLFOX-6 (n = 55), surgical difficulty (4.9 ± 2.7; mean ± standard deviation), and pelvic fibrosis (3.7 ± 2.6; mean ± standard deviation) were comparable to SG2 overall. There was a trend toward longer operative time and blood loss for patients in SG2 compared with SG1. * Per-Protocol Set as described in Figure 2 .
Tumor Response
All 127 PPS patients were assessable for pathologic response ( Table 5 ). Six of 60 patients (10%) in SG1, but no patients in SG2, had stable disease. The difference in overall pathologic response was statistically significant between SG1 and SG2 (P = 0.0217). The pathologic T stage, but not the N stage, was also significantly different between SGs (P = 0.0008). The proportion of patients with a pCR was higher in SG2 (25%) compared with SG1 (18%) but the difference did not reach statistical significance. The pCR rate for the patients in SG2 that received two cycles of mFOLFOX-6 was also 25% (14 of 55 patients).
Three patients (5%) in SG1 and 2 (3%) in SG2 were diagnosed with metastatic disease during treatment. One patient in SG1 with a normal liver on CT scan before CRT was diagnosed with liver metastasis after CRT and never had surgery for the primary tumor. Two additional patients in SG1, 1 with a mildly suspicious small attenuation lesion in the dome in the liver on CT scan before CRT and 1 with a completely normal CT scan before CRT, were diagnosed with liver metastasis during surgery. Both were included in the PPS. Two patients in SG2 with small abnormalities on the chest CT scan obtained before CRT were diagnosed with lung metastasis after CRT and had nonprotocol therapy.
Surgical Complications
There was no perioperative mortality in either SG. However, 51 of the 127 PPS patients (40%) developed postoperative complications. The proportion of patients developing any postoperative complications was similar in both SGs; 24 of 60 (40%) in SG1, and 27 of 67 (40%) in SG2. For the patients in SG2 that received 2 cycles of mFOLFOX-6, 21 of 55 (38%) patients developed any postoperative complications and 3 of 55 (5%) patients reported at least one Grade 3+ complication. The most common Grade 3 and 4 complications for SG1 and SG2 are shown in Table 6 .
DISCUSSION
Preliminary results of SG1 and SG2 from the Timing of Rectal Cancer Response to Chemoradiation study indicate that giving 2 cycles of chemotherapy (mFOLFOX-6) after CRT, and increasing the time interval between completion of CRT and TME (to an average of 11 weeks) may increase the pCR rate without significantly Note: Some patients had more than 1 complication. SSI indicates surgical site infection. * Per-Protocol Set as described in Figure 2 .
increasing CRT-or chemotherapy-related AEs, operative difficulty or postoperative complications, compared with traditional neoadjuvant CRT and an average waiting time of 6 weeks. Whether our observed increase in tumor response is attributable to the additional neoadjuvant chemotherapy or the longer CRT-to-surgery interval cannot be conclusively determined by this trial. Several retrospective case series have investigated the time interval between neoadjuvant therapy and surgery as a predictor of tumor response. [10] [11] [12] Tulchinsky et al assessed whether the time interval between neoadjuvant CRT and surgery affected operative and postoperative morbidity, pCR rate and disease recurrence in 132 patients with locally advanced rectal cancer treated with CRT and surgery. They found that patients operated on more than 7 weeks after CRT had a pCR rate of 35%, compared with 17% for patients operated on less than 7 weeks after CRT (P = 0.03). The rate of perioperative complications was similar in both groups. A longer CRT-to-surgery interval was also associated with significantly better disease-free survival. 10 Their results were supported by Moore et al who found a 19% pCR rate in patients operated on more than 44 days after CRT compared with 12% in patients operated within 44 days of CRT, 11 and by Kalady et al who reported a 31% pCR rate in patients operated on more than 8 weeks after CRT compared with 16% in patients operated on within 8 weeks of CRT. 12 In the study by Kalady et al, an extended interval from CRT-to-surgery was the only factor associated with a higher pCR. In contrast, other studies report no difference in pCR rates with longer CRT-to-surgery intervals using similar, though not identical criteria. [13] [14] [15] These discrepancies may be explained by differences in CRT regimens, arbitrary selection of the CRT-to-surgery intervals, and likely different definitions of tumor response.
The Lyon R90-01 study, the only prospective trial in which patients with locally advanced rectal cancer treated with radiation therapy were randomly assigned to have surgery at 2 different time intervals after CRT, showed that a 6 to 8 week interval resulted in a higher response rate compared with a 2-week interval. Furthermore, at a median follow-up of 33 months, no differences were found in morbidity, local recurrence, or survival between the 2 groups, suggesting that a longer interval from radiation to surgery increases tumor downstaging, with no detrimental effect on toxicity or early clinical results. 16, 17 However, in this study patients did not receive sensitizing chemotherapy during radiation, and the interval between radiation and surgery was only 8 weeks, closer to the short interval chosen in our study.
The effect of a more intense neoadjuvant regimen consisting of capecitabine and oxaliplatin before and concurrent with preoperative radiotherapy in patients with locally advanced rectal cancer was initially investigated by Koeberle et al. Surgery was performed 5 weeks after CRT. Most patients (98%) had an R0 resection, and 23% had a pCR. 18 Unfortunately in this study pCR was defined as a complete or near complete pathologic response, and therefore their results cannot be compared with ours. More recently, Chua et al reported their results in stage II and III rectal cancer patients who received 12 weeks of capecitabine and oxaliplatin followed by CRT using capecitabine as a radio-sensitizer. Patients had surgery 47 days (median) after finishing CRT. Twenty-one (20%) patients had a pCR, 19 a rate lower than the 25% observed among patients of SG2 in our trial who only received 4 weeks of neoadjuvant chemotherapy before surgery. Although the chemotherapy used in both trials was different, comparison of the results suggests that the increase in pCR rate observed in SG2 of our study may be attributable in part to the longer CRT-to-surgery interval.
Habr-Gama et al also studied the effect of a more intense neoadjuvant regimen on tumor response by adding chemotherapy. 20 In their trial, patients with T3 or T4 tumors were treated with bolus infusion 5-FU-based CRT (total radiation dose, 54.0 Gy) followed by 3 additional cycles of bolus 5-FU over 9 weeks. Tumor response was assessed by clinical exam at protocol completion. A total of 22 of 29 (76%) patients entered in the study had a complete clinical response and did not undergo surgery; 4 patients had recurrence within 12 months and required additional treatment. In total, 18 of 29 (62%) patients had a sustained clinical response and had avoided surgery for at least 12 months. However, the follow-up in this study is still too short and the possibility that clinically occult cancer cells may remain viable and lead to a delayed tumor relapse cannot be excluded.
The impact of delaying surgery on surgical difficulty and postoperative morbidity is an important consideration before a longer surgery interval between CRT and surgery can be recommended. Our study shows that delaying surgery does not affect the proportion of patients having an R0 resection or a sphincter-saving procedure. Surgeons in our study reported more pelvic fibrosis in patients operated on 11 weeks compared with 6 weeks after CRT, but these results should be interpreted with caution because the surgeons were not blinded to the timing of surgery. Interestingly, the increase in fibrosis did not translate into a significant increase in technical difficulty of the operation and more importantly, addition of chemotherapy during the longer CRT-to-surgery interval, did not increase the risk of postoperative complications, confirming previous observations. 21 A concern of the opponents of a longer CRT-to-surgery interval is the possibility of tumor spread that may ultimately lead to impaired survival. The trial by Francois et al suggested there was no difference in survival when the CRT-to-surgery interval was 8 weeks, 16 but a trial by Supiot et al suggested otherwise. 22 They examined the influence of delayed surgery on survival after preoperative radiotherapy in T2 to T4, N0 to N1 M0 rectal cancer and found that an interval of more than 16 weeks between diagnosis and surgery may reduce overall survival for patients treated with preoperative radiation. Their conclusions were that surgery should be performed shortly after completion of radiation. However, neither of these studies used systemic chemotherapy during the longer CRT-to-surgery interval. In our trial, patients received some of the systemic chemotherapy before surgery. The impact of splitting chemotherapy before and after surgery will need a longer follow-up.
There are a number of limitations of our trial that deserve mention. First, the primary study objective was to compare the pCR rate to CRT for stage II and stage III rectal cancers at different CRTto-surgery intervals. However, given the trial design of sequential SGs, the study was not powered to determine statistically significant differences in pCR rate between SG1 and SG2 as might be considered in a larger multiarm trial. Second, there were differences in treatment compliance between SG1 and SG2. CRT and radiation dosage was higher in SG2 compared with SG1, which could account for the higher pCR rate. However, it did not seem to influence the complication rate. Thirdly, it is worth noting that there were differences in tumor stage between SG1 and SG2. A higher proportion of patients in SG2 had T2 tumors compared with SG1 and this may explain the higher pCR rate observed in SG2. However, slightly more patients in SG2 had positive lymph nodes on clinical exam compared with patients in SG1 so this could equally affect the pCR rate. Finally, the results presented are preliminary and a longer follow-up is needed to determine long-term outcomes of this regimen on recurrence and survival.
In conclusion, our preliminary results suggest that adding chemotherapy after CRT and extending the interval between CRT and surgery is well tolerated by most patients and may lead to an increase in pCR rate without increasing the risk of surgical complications. Studies are underway to assess the impact of adding additional cycles of chemotherapy and further extending the interval between CRT and surgery.
